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A method for producing a structure using nanoparticles 



The present invention relates to ,a method for 
producing a structure using nanoparticles according to 

. 5 the preamble of claim 1 as well as to structures produced 
by this method and an application thereof. 

The term "nanoparticles" designates particles 
having a diameter well in the submicron range. It has 
been know that such particles start to exhibit thermo- 

10 physical properties substantially different from bulk ma- 
terials. In particular, the melting point starts to de- 
crease substantially for particle diameters e.g. below 
100 nm, and in particular below 10 nm. Nanoparticles of 
gold show e.g. a melting point of 300 to 400 °C at a di- 

15 ameter of 2.5 nm while the bulk melting point of gold is 
1063 °C. 

In WO 00/10197 this effect is exploited for 
producing copper structures on a semiconductor wafer at 
low temperatures. A suspension of copper nanoparticles in 

20 a liquid is applied to a semiconductor chip. After evapo- 
ration of the solvent, nanoparticles are concentrated in 
recesses in the wafer surface and the wafer is heated 
above the particles' melting point to sinter or melt 
them. This method takes advantage of the comparatively 

25 low melting point of the particles, but it requires the 
presence of suitable recesses in the surface of the sub- 
strate. 

The problem to be solved by the present in- 
vention is to provide a method for preparing fine struc- 

30 tures using nanoparticles without requiring dedicated re- 
cesses on the substrate. 

This problem is solved by the method of claim 
1. Accordingly, the nanoparticles are molten at least in 
part by exposition to laser light, whereupon they are so- 

35 lidified for forming a solid structure in those places 
whe.re the nanoparticles where heated up by the laser. 
This allows t:o use the laser to define the structure. 



Preferably, the laser light is focussed in a 
focal point, which is moved in respect to the substrate, 
thereby forming a solidified line of bulk material from' 
the nanoparticles . 

Preferably, the nanoparticles ' are mixed with 
a liquid to form a suspension which can then be applied 
to the substrate, e.g. using an ink jet printer device. 

The average diameter of the nanoparticles 
should be sufficiently small for reducing the melting 
point of the nanoparticles substantially below the bulk 
melting point. For most materials the average diameter 
should be less than 100 nm, in particular less than 10 
nm, preferably between 2 nm and 5 nm. The nanoparticles 
can be of any material being suited for sintering or re- 
melting upon laser irradiation. In particular, they can 
be of a metal, such as gold. 

Further preferred embodiments of the inven- 
tion as well as applications thereof are disclosed in the 
dependent claims as well as in the following description. 
This description makes reference to Fig. l, which shows a 
schematic drawing of a set-up for preparing a structure 
from nanoparticles. 

Fig. 1 shows a diagram of a preferred appara- 
tus for generating a structure from nanoparticles on a 
substrate 1, which can e.g. be a semiconductor wafer. A 
droplet generator 2 is provided for generating a con- 
trolled, directed series of drops 3 of a solid in liquid 
suspension directed onto the substrate. The suspension 
consists, in a preferred embodiment, of gold nanoparti- 
cles in an organic solvent. 

The drops 3 are deposited on substrate 1 to 
form a layer 4 thereon. 

The beam of a laser 5 is focussed in a focal 
point 6 on layer 4 using suitable focusing optics 7. The 
radiation energy of the laser light is absorbed by the 
nanoparticles, leading to a temperature increase above 
the melting point of the particles. The generated heat 



evaporates the solvent and melts the nanoparticles at 
least partially. When the heated nanoparticles are moved 
away from focal point 6, they cool down and solidify, 
leaving a solid structure 8. 

While drops 3 are being deposited and laser 5 
sinters or melts the particles into the solid structure, 
substrate 1 is being moved in respect to laser 5 and 
droplet generator 2. For this purpose, substrate 1 can 
e.g. be displaced by a positioning stage (not shwon) , 
while laser 5 and droplet generator 2 remain stationary. 

Preferably, the drops 3 generated by droplet 
generator 2 impinge on substrate 1 at the position of fo- 
cal point 6, which' makes it possible to create a line 
shaped structure 8 along any direction. 

Once structure 8 has solidified, any excess 
solvent and not sintered nanoparticles are removed, e.g. 
by washing. This post -processing step can be avoided by 
depositing a line-structure that is smaller than the fo- 
cal point of the laser so that the deposit solvent is 
evaporated in its entirety. 

The operation of drop generator 2 and laser 5 
and the displacement of substrate 1 are preferably con- 
trolled by a computer 10. 

For monitoring the formation of the' structure 
8, the apparatus can further be provided with a monitor- 
ing system, which comprises a stroboscope 11, a camera 
with microscope lens 12 and a framegrabber 13. The stro- 
boscopic light source 11 is triggered e.g. in synchronic- 
ity with the release of the drops 3, thereby generating a 
standing picture of the drops arriving at focal point 6 
in framegrabber 13 . 

In the following, some aspects of the proce- 
dure are described in more detail. 

Manopar tides , suspension : 
The nanoparticles are preferably made of 
metal for forming a metallic structure. Gold has been 
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found an especially suited material. As mentioned above, 
nanoparticles of gold show a melting point of 300 to 
400°C at a diameter of "2.5 nm, which allows to form the 
desired structure at moderate temperatures. 

The nanoparticles can also be made of a non- 
metallic material. In particular, the present method also 
allows to form ceramic structures. Of particular interest 
are superconductive ceramics, which could be sintered 
with the present process without creating the excessive 
thermal stress that is responsible for the prohibi tingly 
brittle behaviour of superconductive ceramic components. 

A preferred "solvent" or, more accurately, 
suspension-fluid for the nanoparticles is • toluene . Tolu- 
ene has good wetting properties and its viscosity is 
suited for generating small droplets. Further preferred 
solvents are other organic solvents, such as terpineol or 
xylene, or water. 

Droplet generator: 

The droplet generator 2 can be any device 
suited for a controlled generation of the drops 3. Pre- 
ferred is the application of a drop on demand device 
where a volume of the suspension is compressed by piezoe- 
lectric or thermal compression, thereby squirting one or 
more drops of the suspension through an opening onto the 
substrate. Piezoelectric compression or any other iso- 
thermal mechanical or electromechanical compression is 
preferred because it is suited for any suspension, while 
the evaporation process required in thermal compression 
(bubble jet method) can lead to contamination or clog- 
ging. 



35 



Laser 1 ight : 

The wavelength of the laser light and the in- 
tensity at focal point 6 have to be selected according to 
the properties of the nanoparticles as well as according 
to the desired heating rate. For best efficiency, at 
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least 80% qf the laser light should be absorbed in layer 
4 . 

Preferably, the exponential absorption coef- 
ficient of the suspension for the laser light is even 

. 5 higher, at least 0.1 |.im~l, in particular at least 1 |am~l, 
which ensures that most of the laser light is absorbed 
close to the surface of layer 4. It has been found that 
the heat is transported through the whole depth of the 
layer, sintering or melting all nanoparticles in focal 

10 point 6 . 

The wavelength of the laser light is prefera- 
bly chosen to be in a region of high absorption of the 
suspension. The laser can either be operated in continu- 
ous or pulsed mode. 
15 The diameter of focal point 6 must be suffi- 

ciently small for forming even the finest parts of the 
desired structure. A typical diameter is less than 500 
^im, preferably less than 100 |.im. 

Typical average laser powers at a displace- 
20 ment speed in the order of 1 mm/s are in the order of 0.2 
W to 2 W with a focal point diameter of 100 |.im, resulting 
in intensities in the order of 25 to 250 W/mm^ . 



Example: 

25 In a preferred example, gold nanoparticles 

with a mean average size of 2 to 5 nm were suspended in 
toluene. The mass - fraction of gold in the solution was 
40% of the total weight. 

Droplets were generated with a drop on demand 

30 piezoelectric jetting device from Microfab Inc. This pie- 
zoelectric device consists of a reservoir and a capillary 
glass tube filled with the suspension, A piezoelectric 
material is deposited on the outer surface of the glass 
capillary. When a voltage pulse series is applied to txhe 

35 piezoelectric material, a volumetric change is induced to 
the fluid (and a corresponding pressure wave is generated 
v/ithin it) and a drop 3 will be ejected. 



The drops 3 were deposited to form layer 4 
as a line on a silicon wafer substrate by moving the sub- 
strate continuously at a speed of 1 mm/s with a position- 
ing stage. The deposited layer 4 was simultaneously cured 
by light from an Argon ion laser at a wavelength of 488 
nm, where the slurry had an absorption of less than 1 jam" 
1. The focal point 6 was located right behind the point 
where the drops impinged on the substrate 1. It had a di- 
ameter of approximately 100 |.im . 

After cooling, the remaining structure con- 
sisted of solid, continuous, electrically conducting gold 
lines with an electrical conductance at least as good as 
that of bulk gold. The lines had a typical width of 60 - 
1 0 0 /.im . 

In the example mentioned above, substrate 1 
was a silicon wafer. Other types of substrates can be 
used as well, such as substrates of glass or ceramic. 

For expediting the melting or sintering of 
the nanoparticles, the substrate and/or the suspension 
can be heated to a temperature below the melting point 
of the nanoparticles, thereby decreasing the amount of 
energy "required from the laser. 

In the above examples, the liquid layer 4 has 
been formed by applying the drops 3 generated by droplet 
generator 2. Instead of a drop-wise application of the 
suspension, other coating methods, such as spin coating,, 
can be used for producing layer 4. Again, the laser light 
is then used for forming the desired structure. 

Instead of being present in* the form of a 
regular suspension (i.e. a solid in liquid suspension), 
layer 4 may also be formed by a "solid suspension", i.e. 
the nanoparticles can be suspended in a solid matrix, 
e.g. by solidifying the "solvent" after spin coating by 
temperature decrease or partial evaporation. Alterna- 
tively, the nanoparticles can be suspended in a gas. 



The heating and curing of the nanopart icles 
with laser light can take place while layer 4 is being 
formed, such as shown in the example above. It can also 
take place after the formation of layer 4 . 

The method described here can be used for 
forming any type of structure. Examples are conducting 
lines for interconnections on or to a semiconductor chip, 
or for connecting a semiconductor chip to a substrate or 
to connector pins, metallic or non-metallic parts of Mi- 
cro Electromechanical Systems (MEMS) or superconducting 
structures. 

A primary application of the present inven- 
tion is for constructing gold lines for interconnections 
in electronics manufacturing, ranging from chip assembly 
packaging to flat panel display construction. The criti- 
cal benefit to be harvested from the low melting and 
bonding temperatures of the gold nanoparticles is two- 
fold: First, the printing of gold microline interconnec- 
tions with a at -demand microdroplet generation technique 
is possible because one deals with a room temperature na- 
nosuspension facilitating the application of piezoelec- 
tric ceramics with Curie temperatures of only a few hun- 
dred degrees Celsius. This would be impossible with mol- 
ten gold at temperatures exceeding 1063 °C. Second, at 
the droplet deposition end, excess thermal stress and 
melting or burning of sensitive chip structures can be 
avoided. The method can be used under normal atmosphere 
environment yielding a fast, user friendly and cost ef- 
fective interconnection manufacturing process appropriate 
for use in combination with a variety of delicate sub- 
s t r a t e ma t e r i a .1 s . 
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Claims 



1 . A method for producing a structure on a 
substrate (1) comprising the step of applying nanoparti- 
cles of a material to form the structure (1) and charac- 
terized by the steps of melting the nanoparticles at 
least partially by exposition to laser light and solidi- 
fying the molten nanoparticles for forming the structure 
(8) . 

2. The method of claim 1 comprising the steps 
of focussing the laser light in a focal point (6) and 
translating the focal point (6) in respect to the sub- 
strate (1) for forming the structure. 

3. The method of claim 2 wherein the focal 
point (6) has a diameter of less than 500 jim, in particu- 
lar less than 100 ).im . 

4 . The method of one of the claims 2 or 3 
wherein the substrate (1) is moved for generating the 
structure . 

5 . The method of one of the preceding claims 
comprising the step of applying a suspension of the nano- 
particles in a liquid to the substrate (1), and in par- 
ticular of forming a layer (4) of the suspension on the 
substrate (1) . 

6. The method of claim 5 wherein the suspen- 
sion is applied in drops (3) to the substrate (1) using a 
droplet generator (2) . 

7. The method of claim 6 comprising the step 
of generating the drops (3) by compressing a volume of 
the suspension by piezoelectric or thermal compression 
and thereby squirting the drops through an opening onto 

the substrate. 

8. The method of one of the claims 2 to 4 and 
of one of the claims 5 to 7 wherein the drops (3) are de- 
posited on the substrate (1) at the focal point (6) . 



9. The method of one of the claims 5 to 8 
wherein the liquid is selected from the group comprising 
toluene, terpineol, xylene and water. 

10. The method of one of the claims 5 to 9 
wherein an exponential absorption coefficient of the la- 
ser light in the suspension is at least 0.1 in par- 
ticular at least 1 ^.tm"!. 

11. The method of one of the claims 5 to 10 
wherein the suspension is deposited as a layer (4) on the 
substrate (1) , wherein at least 80% of the laser light is 
absorbed in the layer (4) . 

12. The method of one of the preceding claims 
wherein the nanopart icles are of a metal, in particular 
of gold. 

13 . The method of one of the preceding claims 
wherein an average diameter of the nanoparticles is suf- 
ficiently small for reducing a melting point of the nano- 
particles substantially below a bulk melting point of the 
material, and in particular wherein the average diameter 
is less than 100 nm, in particular less than 10 nm, pref- 
erably between 2 nm and 5 nm. 

14 . The method of one of the preceding claims 
wherein the structure is a superconducting ceramic mate- 
rial . 

15. The method of one of the preceding claims 
further comprising the step of observing the production 
of the structure using a stroboscopic light source (11) 
and a camera (12), and in particular wherein the strobo- 
scopic light source (11) is triggered in synchronici ty 
with the application of drops (3) of a suspension of the 
nanoparticles to the substrate (1) . 

16. A structure producible by the method of 
one of the preceding claims. 

17. Application of the method of one of the 
claims 1 - 15 for the production of electrical intercon- 
nections on and/or to semiconductor chips. 



Abstract 



For forming a fine structure of a desired ma- 
terial, nanoparticles of the same material are prepared 
in a suspension. A layer (4) of the suspension is applied 
to a substrate (l) . Part of the layer (4) is exposed to 
laser light for melting the nanoparticles at least par- 
tially, upon solidification, the molten particles are 
sintered together to form the desired structure. Due to 
the low melting point of nanoparticles as compared to the 
melting point of bulk material, this procedure avoids 
damage to the substrate and provides a better control 
over the structure generation process. It can be used for 
generating metallic and non-metallic structures on vari- 
ous substrates. 
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H-f.l ,c "^9^' 28(4) wifd hiermil miigeteili. daU der Zugang dam in den Fel 
dern 26 und 2/ genann.en biologischen Material nur durch Heraus^aSe ernL 
F^^ 2luu^.':i^'^T^?'''^r '^'Sestell, wird/ 1, is hereby declred under 
7fi Irt 77 J^f . K ° o' the biological material referred to in Sectonf 

26 and 27 shall be effected onV by the issue of a sample to °^ 
an expert I ■ i- 

I BfOM3 

Nucleotid- und Aminosauresequenzen / 
Nucleotide and amino acid sequences / 
Sequences de nucleotides et d'acldes amines 



28a 
28b 

29 



deposiior / 
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Renonciation. sur document distinct, h lengagemem 
du requfirant au titre de la f6gle 28f3J y«^eni 



j SEQL 



Die Beschreibung enthalt ein Sequen;fpro(okoll nach Regel 27a(l) / 

The description contains a sequence listing in accordance with Rule 27a(n / 

La descrrpiion contiont me lisle de sequences selon la rigle 27bism 

per vorgeschriebene Oaten trager ist beigefiigi / 
The prescribed data carrier is enclosed / 
Le support de donn^es present est joint 

p.fmt;::;i,rrse%?^^^^^^^^^^^ 



Benennung der Vertrags- 
staaten und Erklarungen 
hierzu 

1. Hiermil wordnn samtliche Ver- 
tfagssiaalcn dos EPU benannt. 
die dieseni bci Einroichung dieser 
Anmeldung nngohornnV 

Mil der Zohlung dos siebenfachen 
Scirags cinor Bonennungsgebuhr 
geltendie Benennungsgcbuhren 
fiir alio Vortragsstaaten als ent- 
richiGt {Art. 2 Nr. 3 GebO). 

2. istdorzcit beabsichtigl. weniger 
als sieben BenennunysgebOhron 
ii'ir (oigendo Vertrogsiitanten zu 
efuricfitcn (hino UncJcrcodcs 
und Vertragsstaaton angcben '): 



Designation of contracting 
states and associated 
declarations r 

I. All states which aro *- 



DEST 



contracting stales to the EPC 
at the filing of this application 
are hereby designated*. 
Payment of seven times the 
amount of iho designation fee is 
deemed to constitute payment of 
the designation fees for all the con- 
trading states (Art. 2. No. 3. RFees). 

2. It is currently intended to pay 

fewer than seven designation fees 
for the following contracting slates 
(please indicate country codes 
and contracting states '): 



"J 



[ 



Es v/ifd bean tragi, fur die untcr 
Mr. 2 nicht aufgefuhrtcfi Vertrags- 
siaaton von dor Zu-Jtfjllung von 
M'Ueilungen nach Regel B5a(1) 
und Regel 69( U abvusehen. 

vVt/:) n»n autoniarischnr Ab- 
buchungsnuftrag eri.eiU ir-elcl ^3) 
so v/ifd d.js tPA beauflragi. boi 
Ablauf der Grundfrist nach Aaikel 
79(2) den siebenfachen Botrag 
o=r.ef Benennungsgebuhr abzu- 
buchen. Ist sine Erklarung unter 
Mr. 2 abgegebon worden. so 
solfen die Benennungsgcbuhren 
nur fiir die don cingegebenen 
Venragsstaaien abgebucht 
wofdsn. sof ern de/n EPA nicht 
bis 2um Ablauf cler Grundfrist ein 
anderslauiender Auftrag ziigefit. 



No communications under Rules 
85a(l) or 69(1) need be notified in 
respect of the contracting states 
not indicated under No. 2. 

3. If an automatic debit order ha:^ 
been issued (Section 43). the EPO 
>s authorised, on expijy of the 
basic period under Article 79(2). 
to debit seven times the amount 
of the fJesignalion fee. If any 
states are indicated under No. 2 
the EPO shall debit designation ' 
fees only for those states, unless 
It is instructed lo do othen/zise 
before expiry of the basic period. 
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(:onform6meni S la r^gle 28(4) il est d^ciarp n^r u « ^ 
raccessibililS S la matilre b.ologique mem on^^e lux ruhr?n^ 
27 ne peut r.alis.e que par la^emise "/cha^^^^^^^^^^^ 
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Designation d'Etats con- 
tractants et declarations 
a ce propos 

t. Sont dc^signes tous Ics Etats qui soni 
des Etats contractanis do la CBE d la 
date du d6p<M de la prison to demande • 
Les taxos de ddsignation soni r6pu- 
toes acquiit6es pour tous les Etats 
contractanis dds lors qu'un montant 
correspondant A sept fois la taxe de 
designation a 616 acquittd (art 2 
point 3 du RRT). 

2. II est actuellemeni envisag6 de payer 
moins de sept taxes de d6signation 
pour les Etats contractanis suivants 
(priore d'indiquer codes de pays 
et Etats contractants V . 



(6) 



CD 



Priere de ne pas proceder a la 
signification des notifications pr^vues 
par les regies 85bis(l} et 69(1) pour 
les Etats contractanis n'ayant pas 6te 
mentionn6s ati n° 2. 

I. Si un ordre de prelevement auto- 
matique est donne (rubrique 43). 
il est demande a I'OEB de prelever. 
d Texpiraiion du d6lai normal vise 
h I'anicte 79(2). un montant corres- 
poridant d sept fois la taxe de d6sig- 
nation. Si une declaration a 6l6 faite 
au n" 2, les taxes de designation ne 
sont prelevees que pour les Etats 
contractants qui y sont indiques, sauf 
instruction contraire re<;ue par I'OEB 
avant Texpiration du dejai normal. 



Oiflefent applicants for different cootractiOQ states / 
Ot/fdrenU don\andeurs pour difldfonts Eiats controctants 



APPR 02 i 



' I' I I I I I ' I I I I I I I I I I I 



Erstreckung des 
europaischen Patents 

Diese Annnefdung gilt als Antrag, 
die eufop^ische Patentannneldung 
und das darauf erteifto europaische 
Patent auf alle Nicht-Vcrtragsstaaten 
des EPU zu erstrecken. mit denen ann 
Tag ihfer Einreichung .Erstreckungs- 
abkommen" bestehen (derzeit; Aiba- 
nien. Litauen. Lettland, Rumanien. 
Slowcnien. ehennalige jugoslawische 
Republik Mazedonien). Die Erstrek- 
kung wird /edoch nur wtrksam, wenn 
die vorgeschriebone Erstreckungs- 
gebOhr entrichtet wi'rd. 



Extension of the 
European patent 

This application is deenned to be 
a request to extend the European 
patent application and the European 
patent granted in respect of it to all 
non-contracting slates to the EPC 
with which 'extension agreements 
exist on the date on which the 
application is filed (Present situation: 
Albania. Lithuania. Latvia, Romania. 
Slovenia, former Yugoslav Republic 
of Macedonia}. However, the ex- 
tension only takes effect if the pre- 
scribed extension , 

fee is paid. 



EXPT 



Es ist derzeit tx^absichtrgl, die Erstreckungsgebuhr fur die riachfolgend ange- 
kreuzten Staaten zu entrichlen: / It is currently intended to pay the extension 
fee for the states nriarked below with a cross: / II est actuellement envisage 
do payer ta taxe d'extcnsion pour les Etats dont le nom est coch4 ci-dpr6s : 



AJbanien / Albania / Albanie 
Litauen / Lithuania / Lituanie 
Lettland / Latvia / Lettonie 
Rumanien / Romania / Roumanio 
Slowenien / Slovenia / Slov6nle 

Ehcmaligo jugoslawische Republik Mazedonien / Former Yugoslav 
Republic of Macedonia / Ex-R6puWiquo yougoslave de Mac^doine 



AL 
LT 
LV 
RO 
SI 

MK 



(P^»u (Of StM(m\. nvt denen nacft OrudcSegung (ftescs ForrrtUns .Erst^KkungsabkoorvneA' m Kraft Intent/ 
CScv*» fo* stMi«3 wTth Y^tich "oKteftstoo •greerrtenU* Inio force ift« tNa (omi S*j been ^tad) f 
(Py^j pcH^ Eu(<i t rt^ani desqueb des •aooonH cf extensiona •nlrefont en wgweur apr^ rvr^vessityi 



Dio Anrneldung ist eine Teilanmeldung / 
Tha appfication is a divisional 
application/ 
La pr6scnte demande 
coostituc une demande 
divisionnaire PANR 



DFIL9 
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Nan>e(n) des (dor) AnmoWerts) und benarwito Vert/^gsstaaten / 
Namolsl of applicantfs) and designated cx>ntractlng slates / 
Nom(s) du (des) demandeurts) et des Etats contrectants d^signAs 



Extension des effets 
du brevet europ^en 

La prdsente demande est rdput^e corv 
slituer une requfite en extension des 
eflets de la denrwnde de brevet euro- 
p^en et du brevet europ^en d^livrd sur 
la base de cetto demarxle h tous les 
Etats non parties A la CBE avec lesquels 
il existe un -accord d'extension» d la 
date du d^pdt de ta demande (Situation 
actuelle : Altwnie. Lituanie. Lettonie. 
Roumania. Slov^nie, ex>R6publique 
yougoslave de Mac^doine). Toutefois. 
Textension ne produit ses effets que s'il 
est acquittd la taxe d'extension prescrite. 



X 



I I I I I 
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Es hofvJelt sich uni eine Anrneldung nach Artikel 6 1( l)b) / 
The apjilicitfon is an Article 61(l)(b) 
application / 
l3 pff^sente tJernondc 
constituo uno demando 
selon I "article 61{t)b) 



DF1L9 



EANR 



I I I I I I I I , 



3G 



PatefUfinspriiche / Clainis / Revendlcations 



CLMS 
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Nummer der frOheren Anrneldung 
No. of earlier application 
Num^ro de la demande initiate 



"J 



Nummer der fruheren /^nnnoldung 
No. of earlier application 
Num6ro de la demande iniiiaJe 



Zahl der Patontanspruche 
Number of claims 
Nombre de re'/endications 



Zur ViiroUantlichung mit der Zusammenfassung wird 
vorgrtschlagen AbhWdiiinci Nr. I 



Zusat^ljche Abschrlfi(en) der im europaischen Recherchenberichr 
angefuhnon Schriftstucke wird (worden) beaniragt / 
Add.t.onal copy(ies) of the documents cited in the European 
search report ,s (are) requested / 

Pri6ro de fournir une (des) copie{s) suppl6mentaire(s) des 
documents cH6s dans la rapport de recherche europ6enne f 



ASOC 



Es w.rd d«e Ruckerslattung der Recherchengebuhr gemaft Art 10 GebO 
beantragt / fle und oi the search fee is requested pursuant to A^cfe ^O 
of the Rules relating to Fees / Le remboursement de la taxe de recherche 
est demands en vertu de farticle 10 du rSglement relatif aux taxes 

Eine Kopie des Rccherchenberichis ist beigefugt / 
A copy of the search report is attached/ 
Une copie du rapport de recherche est jofnte 



Automatischer 
Abbuchungsauftrag 
(nur moglich fur tnhaber von heim 
EPA gefOhrtcn laufenden Konten) 

Oas EPA wird hiermii beau/tragt, fallig 
werdende Gcbuhren und Auslagen 
nach Mafigabe der Vorschrifien Ober 
das auiomausche Abbuchungsver- 
fahrcn vorn nebensiehenden laufenden 
Konio abzubucherj. In bezug auf die 
Benennungsgebuhren wird auf Feld 
32.3 verwiescn. Oas EPA wird \err\er 
beauftragi. die Erstreckungsgebuhren 
fur jeden in Feld 34 angekrouzien 
-Erstrockungssiaal" bei Ablauf der 
Grundfrisi zu ihrer Zahlung abzubuchen. 
sofcrn ihm nichi bis dahin cin anders- 
lautendor Auftrag zuyeht. 



Automatic debit order 

(for EPO deposit account holders 
only} 

The EPO is hereby authorised, 
under the Arrangements for the 
aulomaiic debiting procedure to 
debit fron> the deposii account 
opposite any fees and costs falling 
due. With regard to designation 
fees reference is made to Section 
32.3. The EPO is also authorised 
on expiry of the basic period 
for Its payment, to debit the 
extension fee for each of the 
"extension states" marked with 
a cross in Section 34. unless it is 
instructed to do oihen^rise before 
expiry of this period. 



Fur automatlschen Abbuchungsauftrag: 

For automatic debit order: 

Pour Cordre de prelevement automatique • 



DECA 



Mn?rrfJ'^ Riickzahlungen auf das ncbcnstohcr)do b(:inrCPA noful7i7 
U.u^ndo Konto / Reunbursement. If any. to EPO deposi. accoum oppos.tc / 

o^^rt°a:;^::.io ^.^o^B " ' ''"^^^"^'^ '''' — ^ 



DEPA 
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Anzahl der zusAtzUchen Sal2e von Abschr.ften 
Number of additional sets of copies 
Nombre de jeux suppl^mentaires de copies 
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43 



□ 



Ordre de prelevement 
automatique 

(possibility offerte uniquement 
aux titulaires de comptes courants 
ouverts auprds de I'OEB) 

Par la presente. il est demande ^ rOEB 
de prelever du compte courant cl-dessous 
es taxes et fra.s venant a echeance con- 
form^ment i la fcglementatlon relative d 
la procedure dc prelevement automatique 
Pour les taxes de designation, se reporter 

f ^/co'!?""* ^ " demande 
d I OEB de pr6lever. A lexpiration du d6lai 
normal pr6vu pour leur palement. les taxes 
d extension pour chaque "Etat autorisant 
1 exlensfon.. coch6 a la rubrique 34. sauf 
instruction coniraire recue avant l expiration 
dc ce delai. 



Nununer dns laufenden Kontos/ 
Deposit account number/ 
Numero du compte courant 



Name des Kontoinhabers / 
Account holder's name / 
Norn du li tula ire du conipiR 



Die vorgcschfiebRno l.iste uber die 
diesem Anuag bcigofOgten Unlor- 
lagen ergibt sich aus der vorbo- 
reitotcn Empfangsbeschcinigung 
(Seitu 6 dieses Antrages) 



The prescribed list of documents 
enclosed with this request is 
shown on the prepared receipt 
(page 6 of this request) 



Unicrschnftfcn} dos (der) Anmclderfs) Oder Vertreterfs) / 
Srgnniurefs) of appliciint(s) or rcprcscntative(s) / 
Sicjnaturefs) du (des) domandeur(s) ou du (des) mandataire(s) 



Numnter des laufenden Kontos/ 
Deposit account number / 
Nun^ero du conipto courant 



2811.0014 
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4G 



Ort / Place / Lieu 



Zurich 



1, 



NafTie des Koniomhabcrs / 
Account holder's r^ame / 
Nom du titulairo du compte 

Blum & Co. , Zurich 



l-ii liste proscritc des documents 
joints ii cette requfitc figure sur 
le r6c6piss6 pre^tabli 
(page 6 de la presente requite) 



^ur AnooGtollie nach Artikel 133(3) Satz I mil allgemeiner VoUmachr / 
Fo e.Tiployces under Art.de 133(3). 1st sentence, having a qS 

1 ' oh^a'oT/ "^""V -entionnes a Particle 1 33(31 

I phrase, mums d'un pou'/oir gsin^ral 

Nr./No./nV 



Datum /Date ?™J.4llUMy_..200 1 rw 



Kurt Sutter 



EmpfangsbescheiniguHy / Receipt for documents / Re^episse de documents 

(Lists cJer diesem Antrag beigefugten Unierlagen) /rK«/.n;e» a^^w.^ m . 



(Checklist of oncfosed documents) 



(Liste des documenis annexes ^ la presence reaudiP) 

''^""^^ ' <" « "e-ow is he^e^y acknowledge. / Nous aues.oos .e 

Wird im Fade der Einreichung dcf europaischen Palenlanmeldung bei einer naiionalen Behordo diese ErnDfanasbescheiniounn vom F,i,nn5ic^h»„ o , 
so .SI sje als MitteilunggemaU Regel 2-1(4) an.usehen (siohe Feld RENA). N.ch Erh.lt der Mmellung n.ch Rerel 24M) slnd^^^^^^ Patemam, ubersandl. 

betreffen. nur noch unmittelbar beim EPA elnzureichen./ If this feceiol Is Issued h« ih.. F,,mn.ro p=I1„T n.i ^erteren Unterlagen.die die Anmelduno 

national au.homy i, serves as a communication under RuV2H!4T(ref k'ec ton S was l,.ed wi.hl 

documents rela.mg ,o ,he application must be sen, diracly .o the European Paten. Office. / ren "3^.0 d^pS^de la dema^dt^e b^^ 

r -1 se-vico naltonal. rOHice europ6en des brevets dSlivre le pr6sem S ss6 d2 

documents, ce rScepiss6 est r6put6 Sire la notification vis6e d la riigle 24(4) (et n.h,f 
que RENA). OAs que la notification vis6. A la r4glo 24(4| a 4,* re?Xtous les e.^u« 
documents r.latifs h la demande doivent 4tre adresses directement a rOEB 



1 



Ee Blum & Co. 
Vorderberg 11 
CH-8044 Zurich 



Nur fur amthchen Cebrauch/Fof official uSc onfy/Csdre r6ser^^ d I'admir 



Datum /Date 



Anmefdenummer / Application No. / N" de la demands 



Tag des Eingangs (Regel 24(2)) / Date of receipt 
(Rule 24(2)) / Date de reception (r^gle 24(2)) 



Zeichen des Anmelders/Verireters / Applicant's/ Represen- 
tative s ref. / Reference du dcmandeur on du mandaiaire 



DREC 



Untcrschfift / Amtsstempe/ / Signaturo / Official stamp/ Signature / Cachet office! 



AREF 



Nuriwch Einreichmg der Anfmildung bci oiner nationalon BBhordc: / Only after fHiny of tfie application witfi a national authority / 
Seuleiywru aprds to depdt de la darnande auprds d'un service national: / 



Tag des Eif^gangs bcifTi EPA (Reyel 24(4)) / Date of receipt at 
tPO (Ruto 24(4)) / Date do rdceplion ^ I'OEB (r6gle 24(4)) 



RENA 



Anmeldungsuntcrlagon unci Pfioritalsbeleg(eJ / Application documents and 
priority documenlU) / Pieces do le demande et document(s) de priority 



Bor,chf(jil)umj (ohne SB<|uon/[protnkolItuiJ) / Ouscfiplion (e.xcltjding soqucricc 
tir-.jinq piKt) / Dor.cfiption (r>/ii)f po»tie ftisorv6o au listago des si^uenccii) 



f-'.MufiMM'-.nnichc} / Cl^imbJ / RuvondicaJionCs) 
/cichnunrjlnn) / Ornwimjls} / Do:;sin(s) 



DRAW 1 // 



Segut;ivpfolokolHci( clfir Bl'scIw cibuncj / Sorj'Jenco Hsling pnrt of description / 
Priftie de la tlescnpnon rosorvt^e .iu listago des sequences 

Xusijniincnfassuny / Ahs tract / Al)fog6 

tJbofsotzuny rfcr Anmoldung.'JuntRftggen / Iranslntion of Ui« 

anptic.Ttifjn tjocumefits / Tr^MJuclion des pi^cor. do \a (Jfjm.indo 

rf!nfit;itshcloc)(n)/ Pfioniy (lr».:umyiu(s) / DocuincnKs) tin prioflto 

Ubft»s«l2ijng d»;s (der) Pfioritdisbolfigstb^jleyj) / ffunslation ol prioriiy docu'Tient(s) / 
Tradufjiion du {d«s) documenKs) d« prioriio 



Der Anmetdung in der eingerekhten Fassung liegen folgende Unterfagen bei: / 
This application as fifed is acconip«nied by tfie items below: / 
A la presents dcmstide sont annexees les pieces suivantes: 

Li'i/yivo'lfn-icht / Sui3Cific uuihonsoiion / Pouvoir pciniculir^r 

AUrj'j/'ioi.'ie Vtifirnnci't / G'iH';rol aii'.hofisaiio.M / Pouvoir g6n4ral 

h.'f'nd'Mfitjnrvjfi'.-} / Cn.signation of inventor / DtJSioniMion de ^■inv^3ntCllr 

f'ur>.>i'-v H»;':fwvf:hHr^.bor!f:ht / Eoflior s-Mrch fcpon / nanpon do rechefche amcn'nuro 

OefcOJVi«f'.'yh|.;t>g;;vo:'Jaif:t: (GPA Honii lOtO) / Voucher lor the sottlemtjn; of fe«}s 

ff;PO Fr.f'i 1010) / GofdRroot? de rocjlcment d-s tnxos (OEO Form 1010) 

St:!iock {n«:h{ Etnieichuinj boi don nuuonalon dehdrdenff 

Checii.e (nor when liting with twiionat duihoriues} I 

Cheque I'cw.s de chdque en cos d» d6pd( auprds des services nnUomwx) 

DateiHfiigtjr .'Or Sutiuon^prolokoll / Di>ta earner for 5eqi/enc« listing / i 

Suntxjri do donfi.jt.T, pom liste du s<%auenccs | SEQL 4 

Zusttf.'Oftin / i:iftdiii<jfidl shtjal / f-ouHIo ndditionnolle 
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Stuck/afil / 
Number of copios / 
Nombro d'exornpl;iirus 



-1 



8l;itt7alil' oinns Stiiclcs / 
Number of shoots' in 
uuch copy / 
Nonibro de f ouitles * par 
e xern ptairo 
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iK'ff.iio^; i.inu)tliu|yft {biuu hier -iihuiWi'M' tvA f Olhwi docuttiufUs lolease speci/v hotti)/ 



Gus.imtz<Thl 
dor AbhilfJuntjnn* / 
Total nurriber of fiyuffir.* , 
Nonibrc tot.if do figures * 



□ 

□ 



VV.ihrung Bstrag / Curret^cy Amount / Monnaie Montyi; 
lAusfOliurg freigostellt / optional / facuHatif) 



EUR 1097.— 



1 

i — I 
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(54) A method for producing a structure using nanoparticles 



(57) For forming a fine structure of a desired mate- 
rial, nanoparticles of the same material are prepared in 
a suspension. A layer (4) of the suspension is applied 
to a substrate (1 ). Part of the layer (4) is exposed to laser 
light for melting the nanoparticles at least partially. Upon 
solidification, the molten particles are sintered together 



to fonn the desired structure. Due to the low melting 
point of nanoparticles as compared to the melting point 
of bulk material, this procedure avoids damage to the 
substrate and provides a better control over the struc- 
ture generation process. It can be used for generating 
metallic and non-metallic structures on various sub- 
strates. 



< 
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Fig. 1 



Printed by Jouve, 75001 PARIS (FR) 



EP1 223 



Oe^cflption 



The present invention relates to a metlipc| for 
prbcjiijcinq ^ sfructi^re u^ing nanoparjicles according to 
the preamf^le of clajm 1 -as well as to structures pro- s 
duc0d by this metJiod aficj an applipation thereof. 
[OqQ^I The temi "nanoparticles" designates particles 
haying a dianneter well in the subrplcron range, ijt has 
bepp know that such particles start to exhibit thermo- 
pf}y^iQal properties substantially different frorp bulk rha- ip 
tprj^js. In particular, (he melting point starts tp c|ecrease 
subkantially for particle diameters e.g. beloyy 100 nm, 
and' In particular beloyy 1 0 nm. Nanoparticles of gold 
ahcl|v.e.g. a melting poinf of 300 to 400 °C at a c|lameter 
of g.^ nm while the bulk melting point of gold Is 1 063 °C: |^ 
[Odq3l In WO 00/1 01 cj? this effect is exploited for pro- 
ducing copper strMctures on a semiconductpr wafer at 
lovy il^pnperatures. A suspension of copper panopart j- 
cles jjj* a liquid is appliec) to a semiconductor chip. After 
evappfation of the solvent, nanoparticles arts concen- 20 
tra^ecj in recesses in the wafer surface and wafer is 
he^tecl above the particles' melting point to s|rjter or melf 
therp. This method takes advantage of the cornp^ratlve- 
ly IpYY ^melting point of the particles, but it r^uires the 
presence of suitable recesses in the surface Of the suj3- 25 
str^tp. . % ■ . 

[00q4| The problem to be solved by the present Inven- 
tion Ijjjto provide a method for preparing fine structures 
usirtti nanoparticles without requiring dedfeated recess- 
es dp the substrate. 30 
[000^] This problem is solved by the method of claim 
1 . Accordingly, the nanoparticles are molten at least in 
part by exposition to laser light, whereupon they are so- 
lidified for fomning a solid structure in those places 
where the nanoparticles where heated up by the laser. 35 
This allows to use the laser to define the structure, 
[0006] Preferably, the laser light is focussed in a focal 
point, which is moved in respect to the substrate, there- 
by forming a solidified line of bulk material from the na- 
nopartrcles. 40 
[0007] Preferably, the nanoparticles are mixed with a 
liquid to form a suspension which can then be applied 
to the substrate, e.g. using an ink jet printer device. 
[0008] The average diameter of the nanoparticles 
should be sufficiently small for reducing the melting 45 
point of the nanoparticles substantially below the bulk 
melting point. For most materials the average diameter 
should be less than 100 nm, in particular less than 10 
nm, preferably between 2 nm and 5 nm. The nanopar- 
ticles can be of any material being suited for sintering 50 
or re-melting upon laser irradiation. In particular, they 
can be of a metal, such as gold. 

[0009] Further preferred embodiments of the inven- 
tion as well as applications thereof are disclosed in the 
dependent claims as well as in the following description, ss 
This description makes reference to Fig. 1 , which shows 
a schematic drawing of a set-up for preparing a structure 
from nanoparticles. 



[^(\]0] Fig. 1 shows a diagram of a preferred appara- 
tqs; |pr generating a stmctqf^ frqpri nanopaf^jcles on a 
substrate 1 , which can e.q. pe ^ semiconductor wafer. 
A cjroplet generajor 2 is prbvjdecj for generating ^ cop- 
tro'llpd, directed series of drpps 3 of a solicj in liquid sgs- 
pef|sion directed onto the sulastr^fe. The suspension 
copsists, in a preferred embodjmept, of gold nanoparti- 
cles; in an organic solvent. 

[Oqi1] The drops 3 are depositee! op substpatp 1 to 
form a layer 4 thereon. f 

[0012] The beam of a laser 5 is focpssed in p fpcal 
point 6 on layer 4 using sujt^le focgsi/^g optics 7. The 
radiation energy of the laser light is s^bsQfbed by the na- 
noparticles, leading to a t^rpper^ture increase ^bove 
the melting point of the parficles. fh© generated heat 
evaporates the solvent and qplts the r)anopartic(pp ^t 
least partially. When the ' hO^ted napoparticles are 
mqved away from focal point 6, they cool down anc^j so- 
lidify, leaving a solid structure 8. ' 
[001 3] While drops 3 are pe'irig depo^ltpd and Iqser 5 
sinters or melts the particles ipto the soljd structure, qLjp- 
str^te 1 is being moved in respect to;|as9r 5 and droplet 
gepprator 2. For this purpose, su|(Str^te 1 can e.'g, be 
displaced by a positioning sf^ge (npf shyvon), while jMser 
5 ^nd droplet generator 2 remain statfpnpry. ' 
[0014] Preferably, the drops 3 Mr^ef^t^d by droplet 
generator 2 impinge on substrate f ^t the positiop of fo- 
cal point 6, which makes It possible |o create a ^ine 
shaped structure 8 along any direction. ' . 
[001 5] Once structure 8 has solidified, any excess sol- 
vent and not sintered nanoparticles are removed; 0,g. 
by washing. This post-processing step can be avoided 
by depositing a line-structure that is smaller than the fo- 
cal point of the laser so that the deposit solvent is evap- 
orated in its entirety. 

[001 6] The operation of drop generator 2 and laser 5 
and the displacement of substrate 1 are preferably con- 
trolled by a computer 10. 

[0017] For monitoring the fonnatibn of the structure 8, 
the apparatus can further be provided with a monitoring 
system, which comprises a stroboscope 11, a camera 
with microscope lens 12 and a framegrabber 13. The 
stroboscopic light source 11 is triggered e.g. in synchro- 
nicity with the release of the drops 3, thereby generating 
a standing picture of the drops arriving at focal point 6 
in framegrabber 13. 

[0018] In the following, some aspects of the proce- 
dure are described In more detail. 

Nanoparticles, suspension: 

[001 9] The nanoparticles are preferably made of met- 
al for fonming a metallic structure. Gold has been found 
an especially suited material. As mentioned above, na- 
noparticles of gold show a melting point of 300 to 400°C 
at a diameter of 2.5 nm, which allows to fonn the desired 
structure at moderate temperatures. 
[0020] The nanoparticles can also be made of a non- 
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metallic material. In particular, the present method also 
allows to form ceramic structures. Of particular interest 
are superconductive ceramics, which could be sintered 
with the present process without creating the excessive 
thermal stress that is responsible for the prohibitingly 5 
brittle behaviour of superconductive ceramic compo* 
nents. 

[0021] A preferred "solvent" or, more accurately, sus- 
pension-fluid for the nanoparticles is toluene. Toluene 
has good wetting properties and its viscosity is suited 
for generating small droplets. Further preferred solvents 
are other organic solvents, such as terpineol or xylene, 
or water. 

Droplet generator: 

[0022] The droplet generator 2 can be any device suit- 
ed for a controlled generation of the drops 3. Preferred 
is the application of a drop on demand device where a 
volume of the suspension Is compressed by piezoelec- 
tric or themnal compression, thereby squirting one or 
more drops of the suspension through an opening onto 
the substrate. Piezoelectric compression or any other 
isotheimal mechanical or electromechanical compres- 
sion is preferred because it is suited for any suspension, 
while the evaporation process required in thermal com- 
pression (bubble jet method) can lead to contamination 
or clogging. 

Laser light: 

[0023] The wavelength of the laser light and the inten- 
sity at focal point 6 have to be selected according to the 
properties of the nanoparticles as well as according to 
the desired heating rate. For best efficiency, at least 
80% of the laser light should be absorbed in layer 4. 
[0024] Preferably, the exponential absorption coeffi- 
cient of the suspension for the laser light is even higher, 
at least 0.1 ^im-"' , In particular at least 1 fim*"', which en- 
sures that most of the laser light is absorbed close to 
the surface of layer 4. It has been found that the heat is 
transported through the whole depth of the layer, sinter- 
ing or melting all nanoparticles in focal point 6. 
[0025] The wavelength of the laser light is preferably 
chosen to be in a region of high absorption of the sus- 
pension. The laser can either be operated in continuous 
or pulsed mode. 

[0026] The diameter of focal point 6 must be suffi- 
ciently small for forming even the finest parts of the de- 
sired structure. A typical diameter is less than 500 ^m, 
preferably less than 100 nm. 

[0027] Typical average laser powers at a displace- 
ment speed in the order of 1 mm/s are in the order of 
0.2 W to 2 W with a focal point diameter of 1 00 [im, re- 
sulting in intensities in the order of 25 to 250 W/mm^. 



Example: 

[0028] In a preferred example, gold nanoparticles with 
a mean average size of 2 to 5 nm were suspended in 
toluene. The mass-fraction of gold in the solution was 
40% of the total weight. 

[0029] Droplets were generated with a drop on de- 
mand piezoelectric jetting device from Microfab Inc. This 
piezoelectric device consists of a reservoir and a capil- 
lary glass tube filled with the suspension. A piezoelectric 
material is deposited on the outer surface of the glass 
capillary. When a voltage pulse series is applied to the 
piezoelectric material, a volumetric change Is induced 
to the fluid (and a corresponding pressure wave is gen- 
erated within it) and a drop 3 will be ejected. 
[0030] The drops 3 were deposited to form layer 4 as 
a line on a silicon wafer substrate by moving the sub- 
strate continuously at a speed of 1 mm/s with a position- 
ing stage. The deposited layer 4 was simultaneously 
cured by light from an Argon ion laser at a wavelength 
of 488 nm, where the slurry had an absorption of less 
than 1 fim-^. The focal point 6 was located right behind 
the point where the drops impinged on the substrate 1 . 
It had a diameter of approximately 100 fa.m. 
[0031] After cooling, the remaining structure consist- 
ed of solid, continuous, electrically conducting gold lines 
with an electrical conductance at least as good as that 
of bulk gold. The lines had a typical width of 60 - 1 00 |xm. 
[0032] In the example mentioned above, substrate 1 
was a silicon wafer. Other types of substrates can be 
used as well, such as substrates of glass or ceramic. 
[0033] For expediting the melting or sintering of the 
nanoparticles, the substrate and/or the suspension can 
be heated to a temperature below the melting point of 
the nanoparticles, thereby decreasing the amount of en- 
ergy required from the laser. 

[0034] In the above examples, the liquid layer 4 has 
been fomned by applying the drops 3 generated by drop- 
let generator 2. Instead of a drop-wise application of the 
suspension, other coating methods, such as spin coat- 
ing, can be used for producing layer 4. Again, the laser 
light Is then used for fonming the desired stmcture. 
[0035] Instead of being present In the form of a regular 
suspension (i.e. a solid in liquid suspension), layer 4 
may also be formed by a "solid suspension", i.e. the na- 
noparticles can be suspended in a solid matrix, e.g. by 
solidifying the "solvent" after spin coating by tempera- 
ture decrease or partial evaporation. Alternatively, the 
nanoparticles can be suspended in a gas. 
[0036] The heating and curing of the nanoparticles 
with laser light can take place while layer 4 is being 
fomried, such as shown In the example above. It can also 
take place after the formation of layer 4. 
[0037] The method described here can be used for 
forming any type of structure. Examples are conducting 
lines for Interconnections on or to a semiconductor chip 
or for connecting a semiconductor chip to a substrate or 
to connector pins, metallic or non-metallic parts of Micro 
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Electromechanical Systems (MEMS) or superconduct- 
ing structures. 

[0038] A primary application of the present invention 
Is for constructing gold lines for Interconnections in elec- 
tronics manufacturing, ranging from chip assembly 
packaging to flat panel display construction. The critical 
benefit to be harvested from the low melting and bond- 
ing temperatures of the gold nanoparticles is twofold: 
First, the printing of gold microltne Interconnections with 
a at-demand microdroplet generation technique is pos- 
sible because one deals with a room temperature nano- 
suspension facilitating the application of piezoelectric 
ceramics with Curie temperatures of only a few hundred 
degrees Celsius. This would be impossible with molten 
gold at temperatures exceeding 1 063 *»C. Second, at the 
droplet deposition end, excess thermal stress and melt- 
ing or burning of sensitive chip structures can be avoid- 
ed. The method can be used under nomrial atmosphere 
environment yielding a fast, user friendly and cost effec- 
tive interconnection manufacturing process appropriate 
for use in combination with a variety of delicate substrate 
materials. 
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the suspension by piezoelectric or themial com- 
pression and thereby squirting the drops through an 
opening onto the substrate. 

8. The method of one of the claims 2 to 4 and of one 
of the claims 5 to 7 wherein the drops (3) are de- 
posited on the substrate (1) at the focal point (6). 

9. The method of one of the claims 5 to 8 wherein the 
liquid is selected from the group comprising tolu- 
ene, terpineol, xylene and water. 

10. The method of one of the claims 5 to 9 wherein an 
exponential absorption coefficient of the laser light 
in the suspension is at least 0.1 ^m-i, in particular 
at least 1 ^im-"*. 

11. Themethodof oneof theclaimsSto 10 wherein the 
suspension is deposited as a layer (4) on the sub- 
strate (1). wherein at least 80% of the laser light is 
absorbed in the layer (4). 
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Claims 

1 . A method for producing a structure on a substrate 
(1 ) comprising the step of applying nanoparticles of 
a material to form the structure (1) and character- 
ized by the steps of melting the nanoparticles at 
least partially by exposition to laser light and solid- 
ifying the molten nanoparticles for forming the struc- 
ture (8). 

2. The method of claim 1 comprising the steps of fo- 
cussing the laser light in a focal point (6) and trans- 
lating the focal point (6) in respect to the substrate 
(1 ) for fonning the structure. 



The method of claim 2 wherein the focal point (6) 40 
has a diameter of less than 600 ^m, in particular 
less than 100 fim. 

The method of one of the claims 2 or 3 wherein the 
substrate {1 ) is moved for generating the structure. 45 

The method of one of the preceding claims compris- 
ing the step of applying a suspension of the nano- 
particles in a liquid to the substrate (1), and in par- 
ticular of forming a layer (4) of the suspension on so 
the substrate (1). 

The method of claim 5 wherein the suspension is 
applied in drops (3) to thesubstrate (1 ) using a drop- 
let generator (2). 55 

The method of claim 6 comprising the step of gen- 
erating the drops (3) by compressing a volume of 



12. The method of one of the preceding claims wherein 
the nanoparticles are of a metal, in particular of 

25 gold. 



13. The method of one of the preceding claims wherein 
an average diameter of the nanoparticles is suffi- 
ciently small for reducing a melting point of the na- 
noparticles substantially below a bulk melting point 
of the material, and In particular wherein the aver- 
age diameter is less than 1 00 nm, in particular less 
than 10 nm, preferably between 2 nm and 5 nm. 



14. The method of one of the preceding claims wherein 
the stmcture is a superconducting ceramic material. 

15. The method of one of the preceding claims further 
comprising the step of observing the production of 
the structure using a stroboscopic light source (11) 
and a camera (12), and in particular wherein the 
stroboscopic light source (11) is triggered in syn- 
chronicity with the application of drops (3) of a sus- 
pension of the nanoparticles to the substrate (1). 

16. A structure producible by the method of one of the 
preceding claims. 

17. Application of the method of one of the claims 1 - 
15 for the production of electrical interconnections 
on and/or to semiconductor chips. 
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